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ABSTRACT 


The post— flight products for the second Discovery 
flight, STS-19 <51— A) , have been completed and are 
summarized herein. The inertial Best Estimate 
Trajectory, BT19D19/UN=169750N, was developed as 
discussed in Section I using spacecraft dynamic 
measurements from IMU 2 in conjunction with the best 
tracking coverage available to date for any of the 
earlier Shuttle entries. As a consequence of the 
latter, an anchor epoch was selected which conforms to 
an initial altitude of greater than a million feet. The 
Extended BET, ST19BET/UN=274S85C , incorporated the 
previously mentioned inertial reconstructed state 
information and the LaRC generated LAIRS atmosphere, 
ST19MET/UN=712662N, with some minor exceptions as 
discussed in Section II. Primary and back-up AEROBET 
reels are NK0165 and NK0201 , respect i vel y . This product 
was only developed over the lowermost 360 kft altitude 
range due to atmosphere problems but this relates to 
altitudes well above meaningful signal in the IMUs. 
Section III presents summary results generated from the 
AEROBET for this flight with meaningful configuration 
and statistical comparisons from the previous thirteen 
f 1 i ghts . 
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MMLE files were generated based on IMU 2 and 
RGA/AA measurements as discussed in Section IV. Tapes 
generated were NK0202 and NK0203 far the IMU and RGA/AA, 
respect i vel y . 

Appendices attached define spacecraft and 
physical constants utilized (Appendix A), show plots of 
the final tracking data residuals from the post-flight 
fit (Appendix B) , list relevant parameters from the BET 
at a two(2) second spacing (Appendix C) , and retain for 
archival purposes all relevant input and output tapes 
and files generated (Appendix D) - 

Summary flight times and events are given in the 
following table: 

Anchor Epoch November 16, 1984 40300.0 sec GMT 

11 H 11 M 40 s 

Event Time from epoch Altitude 

(secs) (kft) 


Entry interface 

1038 

400 

Initial 

flight extraction 

1 179 

320 

Max i mum 

Mach number ('27) 

1276 

272 

M25 


1472 

242 

M20 


1777 

217 

M15 


1980 

190 

M10 


2142 

165 

M5 


2354 

118 

M2 


2534 

75 

Ml 


2628 

50 

Main gear deployment 

2877 

' v 0 

Weight 

on wheels (WOW) 

2892 

_ 2 

Wei ght 

on nose (WONG) 

2909 

rj 

Stop time 

2955 

~ . 2 
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I • Entry Trajectory Reconstruction 


I . a. Dynamic Data 

None o-f the problems that surfaced during the 
Operational Recorder data reduction for the STS-17 
flight were encountered on this flight. Selection of 
I MU 2 as the dynamic data source for STS-19 was rather 
straightforward. Though mid-value selection based on 
the accelerometer measurements indicated IMU 3 was 
better in the y-component, IMU 2 was selected in the x— 
and z- directions some 61 and 59 percent, respectively. 

In terms of total angle as measured by the gyros, IMU 2 
represented mid-value measurements Q9 percent of the 
time. Total angular rate mid-value measurements were 
essentially spread equally across the three IMUs. There 
were r.o appreciable data gaps in the 01 data, that is, 
there were none greater than four (4) seconds. Also, 
there were virtually no manual data deletions required. 
Clearly the downlist for this flight was much more 
ncmi nal . 

There was some special treatment required for 
this flight in view of the more lengthy files required 
to accomodate the additional tracking coverage 
available. Because of dimensional constraints in the 
F'REIMU software, dynamic data files were divided into 
two time intervals, processed serially using the spline 
utility and merged thereafter. Also, though of no major 

- 1 - 


impact, IMU 3 revealed Euler angle gimbal flips requir- 
ing use of a different Euler sequence. Fortunately the 
software provides for such an alternative as it has 
occurred previously. 

Figure I— 1 shows plots of the body-axes derived 
rates and accelerations from IMU 2 for this flight. The 
data are strip-charted over 500 second intervals between 
1125 seconds and 2892 seconds. The first time conforms 
to the start of the AERDBET as discussed later. The 
final time relates to vehicle maingear touchdown. All 
signal of interest is covered herein. 
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I.b 


Tracking coverage 


Tracking data were obtained -from -four (4) S-band 
radars and -fourteen (14) C-band trackers. This 
extensive tracking coverage, which included stations 
-from California, Arizona, and New Mexico as well as 
Pacific and Florida stations, makes STS— 19 the best 
tracked of the Shuttle entries to date. In order to 
fully utilize the available tracking data, a three (3) 
degree elevation angle constraint, rather than the 
usual five (5) degree minimum, was imposed on the passes 
from Guam (GWMS) , California (VDBC, VDSC) , and one New 
Mexico station (WSSC) . For all other stations the 
standard five degree minimum elevation constraint was 
used. Since cine— theodolite data were not available 
from the Cape, the end conditions for the reconstructed 
trajectory were improved by utilizing pseudo altimeter 
data during rollout and pseudo Doppler data after 
vehicle stop on Runway 15 at KSC. 

Tracking coverages are depicted in Figures 1—2 
through 1—4. Figure 1—2 shows the entire ground track 
for STS— 19, with tracking stations shown as annotated. 
Times and corresponding altitudes at 500 second 
increments along the track are also given. Annotation 
for each tracker includes the geographic location and. 


in parentheses, the number a-f trackers at that complex 
-followed by the maximum elevation angle measured at that 
locale. Detailed tracking coverage is shown in Figure 
1-3- The tracking arcs actually used -for trajectory 
reconstruct! on are shown by dashed "rays" -from the 
stations to the ground track. Pertinent times and 
altitudes are also given. An expanded view of the final 
approach and landing segment is given as Figure 1—4. 
Acronyms and locations for the STS— 19 trackers are given 
in Table I. 


I . c 


Reconstruction results 


The final BET solution for STS-19, BT19D19, is 

presented in Table II. For comparison, the initial 

estimate from the onboard navigation system, the JSC/TRW 

estimate, and a state-only ENTREE estimate are also 

given. Comparison of the two ENTREE estimates shows 

that a significant improvement in the fit to the 

tracking data is achieved by expanding the solution set 

to include accel erometer scale factors. The state and 

attitude for the final solution are in very close 

agreement with the state only solution, and, the 

instrument parameter errors are in accord with the 1 

sigma performance levels of 100 ppm. There is also very 

good agreement between the JSC/TRW and BT19D19 solutions 

bath at epoch and throughout the entry trajectory. The 

weighted fit statistics for BT19D19, based on 7B23 

observations, are U =-0.224 and a =1.232. A summary 

— W — W 

of the residuals, by station and data type, is given in 
Table III. Plots of the final residuals are presented 
as Appendix B. Composite residuals are included in this 
section. Composite post-fit residuals are given in 
Figure 1-5 (range, Doppler), 1-6 (azimuth, elevation), 
and 1-7 (X- and Y-angles). Symbols utilized for the 
composite residual plots are as follows: 
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Key to Symbols for Composite Residuals 


STATION 

GWMS 

KMTC 

HAWS 

KPTC 

VDBC 

VDSC 

MTLC 

SPKC 

WSSC 

WHSC 

HOLC 

MILS 

MLXS 

MLMC 

MLAC 

PATC 

CNMC 

CNVC 


SYMBOL 

O 

□ 

o 

A 

Q 

O 

Q 

0 

A 

© 

0 

❖ 

A 

tk 

& 

© 


Comparisons of the final BET position and velocity- 
after rollout on Runway 15 versus survey values are: 


End conditions at 

vehicle 

stop (Runway 

15 coordinates) 


Survey 

BT19D19 

X,ft 

12186 


12201 

Y,f t 

Q 


23 

h-hr-*., f t 

16 


16 

X,f ps 

0 


-.01 

Y,f ps 

0 


.20 

h,f ps 

0 


. 04 

Figure 1-8 

presents 

plots of the 

BET during 

rollout. Surveyed values 

are depicted 

thereon. Vehic 

stop occurs 2955 

seconds 

after epoch. 
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Table I. STS-19 station locations and refraction data 


DATA TYPES: S-band, 4 radars (GWMS, HAWS, MILS, MLXS) 

C-band, 14 radars (KMTC, KPTC, VDBC, VDSC, MTLC, SPKC, WSSC, 

HOLC, WHSC, MLMC , MLAC, PATC, CNMC, CNVC) 
Pseudo altimeter (Post WONG); Pseudo Doppler (Post STOP) 


CM 



H 

£0 




© 


to 

to 

rsj 

TT 

t^ 


o 

Ttf- 

CM 


C/5 

* 

to 

tH 

(N 

• 


to 

t? 

to 

r«* 

fN 

to 


e 

c 

05 


00 

to 

oo 



to 

tH 

CM 

<N 


0 

o 



o 


(N 


to 

to 

to 

• 

• 



•r*i 

tt 


o 

tj* 

05 

to 

05 

sD 

vO 

© 

rH 


4-> 

4-> 

o 

00 

tH 

TT 

to 

• 

r- 

05 

05 

1 



Ct 

D 

r- 

r-H 

• 

tj- 

o 

© 

• 

• 

lO 




4-> 

*— < 

tO 

• 

o 

o 

• 

TT 

to 

o 

• 



NO 

to 

O 

rsi 

rH 

NO 

rH 

LO 

rH 

LO 

r- 

tH 



tH 


to 


1 



1 



i 




+ 


U 

o 

O 


•H 

tu 


tO 

r^ 

+ 


to 

CM 

+ 


C 

>rt 

Ct 

U 


c/l 

C 

o 

u 


o 

LO 


H 

tH 

00 


t-H 

05 


CM 

tH 


to 

r^- 

i! 

r- 

• 

oc 

O 

o 

to 

TH 

o 

O 

00 

o 

nO 

eT 

tH 

LO 

tH 

H 

LO 

o 

to 

oo 

05 

LO 

LO 

o 

Q* 

© 

o 

• 

■ 

tt 

• 

• 

• 

• 

• 

• 

• 

Oh 

O 


H 

o 

Tt 

to 

o 

to 

o 

rH 

rH 

to 

N— ' 

rH 

H 

CQ 

to 

CM 

1 

NO 

o 

1 

rH 

LO 



1 


NJ 

U, 


C/) 

<3 


u 











m 





• 






in 

2£ 

CM 

05 

05 

00 

05 

r^ 

© 

CM 


3 

a: 

• 

00 

© 

CM 

to 

Ta- 

00 

r- 

05 


H 

Tf 

iH 

rH 

Oi 

© 

ro 

r^- 

05 

LO 


\ 

© 

• 

• 

■rr 

• 

• 

• 

• 

• 

u 

u 

c- 

rH 

© 

Tt 

LO 

© 

to 

© 

rH 

in 

CO 

to 

1 

© 

© 

1 

Ttf 

LO 

c- 


a 

© 

CM 



rH 


rH 


i 


> 




















X 


u 









•H 


CQ 









-a 


a 









c 


> 

> 








a> 



03 







o 

Qh 


•» 

2 







<D 

q* 


co 








to 

< 

< 

§ 

a> 












G 

4-5 




• 



r 


A 


CO 


© 


LO 

05 

00 

to 

CM 

LO 

o 

E 

• 

05 

© 

05 

to 

t3* 

tH 

LO 

r*- 

o 

•H 

nD 

t-H 

rH 

Tfr 

© 

to 


05 

nD 


4-» 

O 

• 

• 

to 

• 

• 

• 

• 

• 

4-5 

</) 

r^- 

rH 

' © 

rr 

LO 

© 

to 

© 

tH 

c 

UJ ; 

to 

1 

NO 

© 

t 

TT 

LO 

c- 


■H 


CM 



rH 


tH 


i 


CC 

*H ■ 











OJ 


i 

l 

i 


i 

i 

i 


CO 

O 

O 

o 

to 



o£ 







CO 

UJ 

m ao 

oo oo 

oo 

ao 

ao 

ao 

H 

f— 

a. a> 

aj 4-> a; 

0) 

o> 

(D 

<D 

Z 

UJ 

"3 

T3 4h -3 

T3 

T3 

-o 

T3 

UJ 

§ 

*> •« 

•t M A 





2? 

Q£ 

R 

R 

R 

D 

D 





o 

< 

V 

Y 

9- js ■©• 


-3- 

© 

-©- 

u 

o- 

1 








! 


i 


-8- 


Table II. STS- 19 solution and comparisons. 


OBSERVATION STATISTICS BASED ON FINAL STATE 
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TOTAL WEIGHTED FIT STATISTICS NOBS = 7823 WGT. MEAN = -. 22428048E+00 WGT. STD. DEV. = . 12317620E+01 
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Figure 1-2. STS-19 (51A) ground track from epoch to touchdown. 
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Figure 1-3. STS-19 tracking coverage utilized in reconstruction process. 
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Figure 1-4. STS- 19 final approach and landing 
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Figure 1-6. STS-19 composite azimuth and elevation residual 
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Figure 1-7. STS-19 composite X-and Y-angle residuals 






I I . Extended BET Development 


The atmosphere selected tor STS-19 (51— A) was the 
LAIRS tile developed by J. M. Price, LaRC AB/SSD, 
designated as ST19MET/UN=712662N. Selection ot this 
atmosphere is vindicated in the first few figures 
presented in the section. Comparisons are presented 
based on these data and the usual f our (4) alternative 
sources, namely: the NOAA "totem-pole" data derived from 
the JSC BET, the MSFC Global Reference Atmosphere Model 
(GRAM) , the USAF 197S Reference Atmosphere (AF78) , and 
Shuttle derived parameters. Symbols utilized on the 
plots are shown below: 


O LAIRS 

• NOAA 

A GRAM 

□ AF78 


Density, temperature, and pressure comparisons 
are presented as Figures II— 1 through II— 3, 
respectively. Two altitude regions are shown on each 
plot as a continuation with 50 kft overlap. The upper 
altitude plots cover the region between 350 kft and 150 
kft. The lowermost 200 kft is covered in the 
continuation frame. Figure II— 1 shows that the two 
measurement density sources are in better agreement with 
the Shuttle derived data than either of the models. The 
models tend to depart toward a more dense estimate above 
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100 kft whereas the two remote sources are in reasonable 
agreement. Of course, neither source can be expected to 
reflect the density structure visible in the acceler- 
ometry. The major discrepancies between the remote 
sources to note are in the narrow interval between 
altitudes of 230 and 260 kft and, surprisingly, a fairly 
broad region centered around an altitude of 150 kft. 

Use of the N0AA data would indicate an underpredi cted 
aerodynamic data base error at h^250 kft which is not 
typical of the previous flight results. Therein, LAIRS 
would appear to be more appropriate. The difference 
at uhe 1 ower altitude reflects an implied data base 
overpredi ct i on difference dependent upon which density 
source is selected, e.g., an additional six (6) percent 
overpredi cti on would be suggested by the LAIRS data. 
Throughout this interval, the LAIRS data are in better 
agreement with the two models. Thus, on the basis of 
atmospheric density alone, the LAIRS file was selected. 
This is also true for pressure as can be seen in Figure 
1 1-3 but not substantiated in the temperature plot of 
Figure 1 1-2. It is noted that the LAIRS density data do 
tend to depart quite drastically above 350 kft, actually 
exceeding 50 percent of Standard above 360 kft. As a 
consequence, the AER0BET and STFILEs were only generated 
below this altitude. This is of no consequence since 
the upper altitude is still substant i al 1 y above that 
corresponding to meaningful signal in the IMUs. 



Wind comparisons are shown as Figures II— 4 and 
II— 5 -for the two remote sources and the GRAM data. In 
general , the major East-West component is in good 
agreement. Above 50 kft one has little recourse but to 
review these data for reasonableness. In the subsonic 
regime evaluations were made based on the in situ side 
probe measurements. These comparisons are summarized as 
Figures II— 6 and II— 7. The first of these two figures 
shows the LAIRS and NDAA winds superimposed on charts 
containing both batch and deterministic estimates of the 
winds. The notation, FLAIR19, is made since the LaRC 
file had to be modified slightly at the lower end. The 
modi f i cati on involved merging the NOAA atmosphere over 
the bottom 2 kft wherein the LAIRS data were incomplete. 
Figure II— 7 shows residual differences between the in 
situ air data parameters and those computed based on the 
FLAIR19 data. The results shown on each of these last 
two figures are well within the accuracy of quantifying 
the subsonic winds. Thus, the LAIRS data, modified as 
suggested, were adopted. 

The remaining four figures in this section simply 
show the final atmospheric parameters for STS— 19. The 
final temperature profile is plotted in Figure II— 8 over 
the lowermost 360 kft. Similarily, final density and 
pressure profiles are shown in Figure II— 9 and 11-10, 
respectfully. Finally, southward and westward wind 
profiles are shown in Figure II— 11. 
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Fig. 11-1 STS-19 (51 -A) density comparisons 
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Fig. 11-2 
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Fig. 11-3 STS-19 (51 -A) pressure comparisons 
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Fig. li-3 


(concluded) 
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Fig. II-6. STS 
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19 Measured and Derived Winds 
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Figure il-8 Final temperature profile for STS-19 (51 -A) 
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Figure 11-11 Final atmospheric winds for STS-19 (51 -A) 
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Section III- 


Aerodynamic BET development and summary 
results 


This section summarizes the STS— 19 aerodynamic 
results. These data were platted from the primary 
AERDBET generated for this flight, namely, NK0165. 

These data were generated based on the previously 
discussed inertial BET and the selected atmosphere. 01 
data defining RCS and control surface deflections were 
obtained from NK0785, thinned to 1 Hz and output on reel 
NP0302. Mass properties utilized are given in Appendix 
A. 

Altitude, altitude rate, dynamic pressure, and 
Mach number are plotted as Figures III-l through III-4, 
respecti vely. Each are plotted versus time from epoch, 
with the latter three variables plotted versus altitude 
as well. The hypersonic viscous parameter is plotted 
versus altitude in Figure III-5 as is Reynolds number in 
Figure III-6 . Air relative attitude angles; 
angl e-of -attack , side-slip angle, and roll angle are 
presented versus Mach and altitude in the next two 
figures. The plot versus Mach number. Figure III— 7, 
shows thereon (as a shaded region) the range of a's 
flown on the previous flights. 

Strip charts of the spacecraft dynamics versus 
Mach number are next presented (see Figure III— 9). 


Control surface deflections versus Mach and altitude as 


well as RGB activity versus Mach are shown in the next 
three figures. Again, Figure III— 10, the plot vs. Mach, 
shows the previous range of control surfaces available. 
The additional elevon opportunities available with this 
flight are visible by inspection. 

Figures III-13 and III-14 show the very 
interesting flight/data base comparison results for this 
mission. Again, shading is superimposed to show 
previous history, in this sense from a statistical 
perspective. The shading reflects a ± lo band around 
the mean prediction error computed from the ensemble 
flights. It is noted that the larger overpredi ct i on 
suggested around Mach 7 conforms to the 150 kft region 
discussed earlier as a potential problem area. The 
other obvious departure suggested near Mach 21 occurs at 
h^220 kft and would be virtually identical no matter 
which remote atmosphere were selected. This does not 
imply that the discrepancy is not atmospheric in origin. 

The pitching moment difference curve required 
increased scales to avoid saturation on the plot in view 
of the (rather) large discrepancy with respect to the 
data base. This was only true when platted as a 
percentage difference in the 65% reference, not when 
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presented in the flight c.g. (Figure III-15). This also 
had to be done for STS— 17 which heretofore governed the 
most negative (upward) hypersonic elevon setting. 
Consequentl y , that flight also had been the most forward 
c.g. flight until STS-19. Thus, over the past two 
flights the forward c.g. envelope has increased by 
approximately 4-5 inches. This flight's longitudinal 
c.g. profile versus Mach is shown as the last figure 
herein with the previous flights superimposed thereon. 
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Figure III— 1. STS-19 altitude time history 
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Figure III— 2. STS-19 descent rate versus time and altitude 
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Figure III-4. STS-19 Mach number versus time and altitude 
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Figure III— V. STS-19 a, /S and cr vs. Mach 


- 48 - 



0 , deg 

31 


■ 

d 

BBS 

■ 

iWilMP 


■ 

■ 

■ 

■ 


■ 

d 

n 

■ 

■ 




H 

d 

m 


■ 

Ml 

■ 

H 

■ 


■ 

■ 


<7 , deg 



Figure III— 8- STS-19 a, (2 and a vs. h 
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Figure m-9. STS-19 dynamic data vs. Mach 
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Figure m-9. ( cone, “d»d) 
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Figure IH-10. STS-19 control surfaces vs. Mach 
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Figure ID-11. STS-19 control surfaces vs. altitude 
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Figure m-12. STS-19 RCS firings vs. Mach 
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Figure III— 1 4-. STS-19 axial, normal, and moment differences 
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Variations 



Figure III— 1 5. STS-19 C m comparisons vs. Mach 







Figure III— 1 6. STS-1 9(51 -A) c.g. profiles vs. Mach 
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IV 


MMLE input file generation 


For this Discovery flight BTFILEs were created 
using the only two possible sources of spacecraft 
dynamics, i.e., IMU and RGA/AA. The IMU GTFILE was 
output on reel NK0202. The RGA1/AA1 file was created by 
i ncorporati ng these channel 1 measurements as 
replacements to the IMU derived body axes components. 

The output reel for the RGA/AA file was NK0203. The 
RGA/AA data were calibrated versus the IMU measurements 
using the time interval biases shown in Figure IV— 1. 
Maneuvers effected during the mission are as given in 
Table IV. Spacecraft mass properties are given in 
Appendix A. 


- 59 - 


LONGITUDINAL MANEUVERS 


START 

TIME 

H:M:S Gee. 

■from epoch 

11:32:47 

1267 

11:40: 11 

1711 

11:42:39.5 

1859.5 

11:46:48 

2108 

11:48:30.5 

2210.5 

11:50:24.5 

2324.5 

11:51:39.5 

2399.5 

1 1 : 52: 57 

2477 

11:54:26 

2566 

11:55:46 

2646 


STOP TIME 


H:M:S Sec. 

-from epoch 

11:32:57 

1277 

11 : 40: 22 

1722 

11:42:52 

1872 

11:46:54 

2114 

11:48:37 

2217 

11:50:36 

2336 

11:51:43 

2403 

11:53:00 

2480 

11:54:30 

2570 

11:55:49 

2649 


LATERAL DIRECTIONAL MANEUVERS 


START 

TIME 

STOP 

TIME 

H:M:S Sec. 

from epoch 

H:M:S Sec. from 

11:32:58 

1278 

11:33:06 

1286 

1 1 : 40:21 

1721 

11:40:29 

1729 

11:42:31 

1851 

11:42:40 

I860 

11:46:40 

2100 

11:46:48 

2108 

11:48:22 

2202 

11:48:30 

2210 

1 1 : 50:20 

2320 

11:50:28 

2328 

11:51:32 

2392 

11:51:39 

2399 

1 1 : 52:48 

2468 

11:52:56 

2476 

1 1 : 53: 38 

2518 

11:53:52 

2532 

11:54:19 

2559 

11:54:25 

2565 

11:55:39 

2639 

11:55:46 

2646 


epoch 


Table IV. 


STS-19 (51-A) maneuver periods -for extraction 
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[•IkW 


=502657 
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TIME, 100 sec 

(a) Roll rate statistics versus time 
=.00971 

Hen /sec t^ava ••01 992 


11 

12 13 14 15 

16 17 18 

19 20 21 22 23 

TIME, 100 sec 

24 25 26 27 28 29 30 



(b) Pitch 

rate statistics versus 

time | 

PR • 

deg/sec 


a =.00879 
/^f-01641 

• 

op 

i _ 


1 ! 



12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

TIME, 1 00 sec 

(c) Yaw rate statistics versus time 


Figure IV- 1. STS- 19 signal differences 
(IMU2 - RGA1/AA1) 
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11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

TIME, 1 00 sec 

(f) Z-body acceleration statistics versus time 


Figure IV-1. (concluded). 
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APPENDIX A 


Spacecraft and Physical Constants 



+++++IMU M8R 1 ATTITUDE IN FORM AT 101+++++ 

• — - - 

...INERTIAL ( tE 50 ) TO ROTATING (ET1D) 

-.729188666+00 

-.6643083 1E+00 

• 88 4 30 448 E+00 

-.72919280E+00 

.33589456L-02 

•103659136-04 

.. .ROTA TINT, (fcTOO) TO n-t-0 


-.67170 4226-01 

•556717756-01 

-.636128521+00 

—.76992986 E+00 

.76699421E+00 

-.63569542E+0J 

...NAV 3 AS- TO S/C 90 DV 


.932*66116+00 

. 1108162 5F— 03 

-.356017248-03 

.999949106+00 

, 1 3 432 0 59£ + 00 

• 1340 595 7F— 02 

...NAV TO OUTER ROLL 


.999996836+00 

-.222747666-02 

. 22274753 E— 0 2 

.999997526+00 

.117070*06-02 

0. 

...PL AT POP 3 TO OUTER KULl 


-.587247306+00 

.79505544E+00 

-.77921 999E+00 

-.50459649E+00 

— .?lft98fi90F+00 

-.33655QO9F+00 

...INERTIAL { h t; 5 0 ) TO P l AT E OR rt 

.70390654c+00 

—.2092202 16+00 

— . 56903 132E + 00 

• 367928506-01 


- ,23656390 £ + 0 0 - . 95 655 52 5E + 00 


• • • s/ c_3.no v to N-iE-i) 



• 1 9 38 2 149 fc +00 

-.t>219b077E + 0D 


.262867096+00 

.569452546+00 


.945163236+00 

• 101817076-01 


Table A-l 

STS- 19 IMU attitude matrices @ epoch 


• 24 5641 32E-02 
-.229099516-02 

• 99999436E + 00 


*99 618 71 2 E + 00 

0 , 

.872 42261 £— 01 


-.16432090E+00 

-.129720036-02 

.982365266+00 


“.11707061E-02 
— *26077272c-05 
,99999932c 4 00 


.151745786+00 

.371747136400 

•91534763E+00 


.64M742B5S 400 
.742322986400 
.16759366F+00 


.53554939F400 
•778861096+00 
'.32 64 38 65E + 00 


- 64 - 


ORfGfNAL PAGE fS 
OF POOR QUAL/TY 


ORIGINAL RAGE 0 
OF POOR QUALITY 


+++++IMO 2 AruTun i.MP jk iATinM++>4-+ 


...IMFRTTAL ( E t 5 • • ) T j tOTATlNG ( t T i U ) 



— »7241HRodF+00 

• 6-3 430446 t + 00 

• 3 3 5 6 9 <♦ 5 3 t —J 2 

— .6«430 c 31F+00 
-. ?29iv240F+00 
• i.ii659l 3t-04 

. 245641326-02 
-.2290995U-02 
•499 9 9436 r +00 

...P1TAT1MG (FT ii!) ) TO 
-.671 70422E-01 
- • 6 3 B 1 2 o 5 2 6 + 0 0 
.76699421E+00 

• 55o7i775F— 01 
-.764929B6E+00 
-.6356 *5426+00 

. 94613712E+00 

0. 

.672422617-01 

. . .H A\* 

AA*' : TO S/C B.JDf 
• °ft2cb6lli’+0u 
— .33o01724E-03 
. 1 ? 432 0 59 t +00 

• 110oi625t— 03 
«999C^siiOj +oo 
. 13405957E-02 

— .164320^0 1 +00 
-.12972u03t-02 
• 9 h 2 ■* 6 5 2 6 E + 0 0 

...NAV 

•3/SiI m OUTER k iLL 
. v9y9Q707E+00 
• 1 4 654 Of. 7 t— 0 2 
.19236604t-02 

-.146536009-02 
. v999 9962^ + 00 
-.26752760F-04 

— • 14? 3 6 6 d 0 E — f * 
•23933d27t-04 
. 49949610 c +00 

.. .PLATcpP'* Ti -. 01# T ER V»tL 
•541^04621+00 
-.'0156511E+00 
. ? 5 3 7 ^ 0 <* 6 F + J u 

-.33511 90 1 1 + 0 0 
— . 4 2 j 0 3 2 C ' + 00 
—.609249546+00 

• 7710 67 5 1 r; + OC 
•353104726+00 
- • 5 2 4 6 4 9 0 1 r + 0 0 

...IMP 

RTTAl (fcrpO) TO PLaTFOk* 

*“.47 20573 4t+LMJ — .63034d74E+00 

.50677 d 64 c +00 • 377 Q '72 OF + OO 

-.72134 417’: +00 .67&0o971?+00 

.6162 97302 + 00 
• 7747 3oi7t + 0C 
. 141010E 2i +00 

...s/c 

3 '.14 10 N-t-n 
.19301 707E+00 
.262798536+00 
• 94 5 34 69 4 E + 00 

-.622011707+00 
.3o93395dE+1J 
• 964 , *0357F-02 

-.53576106 (+00 
- . 77 69295 3 1 + 00 
.325925476+00 


Table A-l 
(continued) 
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8* j' ■ »-* 


* s < 


CRKSWAL fftot B 

OF POOP •’"M.rTY 


V . * * 


+++ + ♦ T M J M 8 R 3 AT T I T t) D t I N TO k M At I CM + + + + + 


...TMEffTIAL ( tc 50 ) TO ROTATING (fcT)D) 



-.729133661+00 
.6843044*? f +00 
.3 3 5 {>9 4 5- 6— 02 

-.68430B311+00 
-.729192B0F+00 
.103669131-04 

.2** 56^*1 32 2—02 
—.2240 99 51? -02 
• 99999436k + 00 

...STTATTNG ( £T HO ) T 1 T4-L-T 
-.571704221-01 
— .638126521+00 
.76644‘t/- IL + uO 

• 5 567 177 5 c— 0 1 
— .7b9929dbl+00 
—.635695421+00 

.996187125+00 

0. 

. 872422611-01 

...WAV 

B A S r TO 6/C BODY 
.932666 i J E+00 
- • 3 5 601 72 AC— 03 
.l J 432054t+00 

.110816256-03 
.999994106+00 
• J.34054571— 02 

-.184320901+00 
-. 12972003b-02 
• 9 6 2 8 6 5 2 6 1 : + 0 0 

...nav 

base to uL'TfcK KILL 
# oqqqoc50c+00 
.6 76 03 720F — 03 
-.729122676-03 

-.675010242-03 
« 99994977F +00 
.372100131-04 

.724147535-03 
-.3672 36301' — 04 
.99Q99-.736+00 

...PLATFfiP- Tt! fHjTtrt ROLL 
.353637441+00 
-.?4719’936c + 0G 
- • 3 6 3 A 7 6 3 3 K + 0 0 

-.151019951+00 
-.937570*36+00 
. 3 1 32 9 309 F + 00 

-.923 03 3901+00 
. 20 30 2 562 1—0 1 
-.364181231+00 

...IMEBTIAL (Et5o) T1 >LATF 

-.174775241+00 .54070461F+00 

.21 471739u+00 -.7v3o7661F+u.) 

. 45 993 31 8 t +00 .27o77 5B7F +00 

•6217781 3 t+OC 
•569166491+60 
♦26584700? -01 

...WC 

BODY TO N-t-0 
• 1 9 259 b77 fc +00 
.26 3 61 1732+00 
.9^ 523 3 ^- Al + uO 

— .62222">7Hk + 00 

• 5b90 < 65 3 F +00 

• 8 8 8 5 u 7 5 0 F — 0 2 

—.535576641+00 

-.77891014c+00 

.32o27i45c+0C 


Table A-l 


(concluded) 
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Planet Parameters 


Physical Model 


Polar Radius: 
Equatorial Radius: 
Rotational Rate: 

Gravity Model 

Central mass, y: 

J2‘- 

c 30 : 

C4o ; 

C22: 

S22 : 

Runway 15 Location : 
Altitude: 

Geodetic Latitude: 
Longitude: 

Azimuth: 


20,855,591.48 ft 
20,925,741.47 ft 
. 7292115147E-4 rad/sec 


. 1407646853E17 ft 3 /sec 2 

. 10827E-2 
. 256E-5 
. 158E-5 
. 157E-5 
- . 897E-6 


-199 ft (above ellipsoid) 
28.632927 deg 
279.293967 deg 
149.988300 deg 


Location of IMU relative to center-of-gravity in Body coordinates 
(Assumed constant for entry reconstruction) 


y b 

Z B 


56 ft 
0.0 ft 
-4 ft 


Spacecraft aerodynamic reference parameters 


Reference Area 

Span 

Chord 


2690 ft 2 
78.057 ft 
39.567 ft 


Average Attitude Computations @ Epoch (40300 sec) 


>P (deg) 
6 (deg) 
4> (deg) 


IMU1 

53.5973 

-70.9376 

1.7865 


IMU2 

53.7039 

-70.9698 

1.6782 


IMU3 

53.8372 

-70.9500 

1.5600 


y_ 

53.7128 

-70.9525 

1.6749 


a 


0.1202 

0.0163 

0.1133 


TA B LE A- 2 

Planet and Spacecraft Data Used for 
B T19D19, ST19BET, and AER0 B ET Generation 


Weight and Center-of-Gravity (c.g.) Location 


EVENT 

TIME 

WEIGHT 

X CG 

y cg 

Z CG 

(sec 

from epoch) 

(lbs) 

(inches in 

Orbiter Structural Reference) 

El 

1038 

209163.7 

1083.4 

-0.2 

372.5 

M3 

2472 

207982.7 

1081.4 

-0.2 

371.8 

Landing 

2892 

207505.7 

1082.6 

-0.1 

369.1 


Moments 

and Products of Inertia 


EVENT 

J XX 

*YY 

l zz 

*XY 

*XZ *YZ 


El 892717.1 

6813738.2 

7106750.5 

-518.2 

160614.3 

-1427.0 

M3 886776.1 

6773938.5 

7068818.4 

46.4 

149294.8 

-1303.3 

Landing 915161.5 

6787282.8 

7057585.3 

717.1 

140210.9 

-1176.8 


NOTES 

El values assumed at epoch 

s 

Mach 3 values held constant until gear deploy (t=2877 ), 
landed values adopted thereafter 


TABLE A- 3 


STS- 19 mass properties 
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APPENDIX B 


Final residuals for STS- 19 trajectory reconstruction 
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Fig. B-7. Smoothed residuals versus time for MTLC 
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Fig. B-10. Smoothed residuals versus time for WHSC 
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Fig. B-ll. Smoothed residuals versus time for HOLC. 
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o-c. 


a - r.ie 
H = -6.22 



(0-C)/a, 


<T W = .86 





2200 2300 2400 2600 2600 2700 2300 2000 

TIME, sec 


o-c. H* 


6.0 


JUNGS 


O = .46 
H = .09 


(0-C)/a, 


6.0 


SUMS 


CT„ = .46 
= 09 


2.6 


0 






o 


- 2 . 6 \- 


o 


-6.0 1 |_ 1 J I- I 1 

2200 2300 2400 2600 2600 2700 2000 

TIME, sec 


_l 

2000 


-g.oL 1 1 __J ,1 

2200 2300 2400 2600 2600 

TIME, sec 


-J I I 

2700 2600 2000 



-.oah 


-.a* I i i l! i i i i 

2200 2300 2400 2600 2600 2700 2300 2000 

TIME, sec 


(0-0/7, 


DOPPLXR 




= .43 


as -.24 



Z-JUKLS 


a = o.oo 


0-C. dag 


xio- • 


H = .01 



(0-0/7, 


X-ANGLS 


<T W = .23 
- 73 



T-AJKLS 


Fig. B-12 . Smoothed residuals versus time for MILS 
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Fig. B-13. Smoothed residuals versus time for MLXS 
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RESIDUALS 


a = 36.02 



2200 2300 2400 2600 2600 3700 2800 2800 


TIME, sec 



2200 2300 2400 2600 2800 3700 2800 2800 

TIME, sec 



2200 2300 2400 2600 2800 3700 2800 2800 

TIME, sec 


2U7ATKS 


Fig. B-14. Smoothed 
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Fig. B-15. Smoothed residuals versus time for MLAC 
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Fig. B-16. Smoothed residuals versus time for PATC. 
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Fig. B-17. Smoothed residuals versus time for CNMC. 
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APPENDIX C 


Listing of trajectory and air relative parameters 
from final STS- 19 (51 -A) Extended BET 
at two (2) second intervals 
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Appendix D 


STS- 19 Archival Products 


(a) 


FILES 


■> 


NAME D ESCRIPTION 

BT19D19/UN= : 169750N Final reconstructed trajectory 

(40 word format per AMA 81-1) 

ST19BET/UN=274885C Final extended BET 

(66 word format per AMA 81-11) 

NAVB51 A/UN=389102C STS— 19 onboard nav BET 

(66 word format) 

FLAIR19/UN=274885C Final LAIRS file for STS-19 

(ST 19MET / un=7 12662N with NOAA 
data below 2.1 kft) 

TRWST 1 9/UN=2748B5C Reformatted JSC/TRW BET 

(66 word format) 

IMRGA19/UN— 274885C Signal difference file 

(I MU 2 - RGA1/AA1) 

fc) TAPES 

REEL DESCRIPTION 

NK0165 STS-19 AEROBET 

(201 words per AMA 82-9) 

NK0201 Duplicate of above 

NK0202 25 Hz I MU 2 STFILE 

(62 words per AMA 81-20) 

NK0203 25 Hz RSA1/AA1 GTFILE (62 words) 

NK0222 25 Hz unrectified RGA1/AA1 file 

NK0233 25 Hz bias rectified RGA1/AA1 file 

(input tape for NKQ203) 

NT0663 Final STS-19 residuals from BT19D19 

Editted tracking tape 

1 Hz 01-2 for AEF:0BET generation 

20 Hz I MU 2 file in body axes 
(calibrated from BT19D19 solution, 
used for ST19BET, AEROBET and GTFILE) 

Dynamic data for reconstruct i on 
(20 Hz IMU 2 data in platform 
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NR0849 

NP0302 

NF'0264 

NTG662 


D. 2 Source Tapes Received via NASA LaRC 

( a) T/M TftF'ES 


REEL 

DESCRIPTION 

NH1178/NR0818 

□ 

1 

NK0785 

01-2 

NW0214 

01-3 (source for RGA1/AA) 

NW0432 

01-4 

NE0227 

01-1 from CBET1F 

(b) TRACKING TAPES 


ND 1 229 

JSC/TRW tracking data 

NE0626 

Goddard Space Flight Center data 

(c> OTHER 


NW0453 

JSC/TRW descent BET 


- 144 - 



1. Report No. 2. 

NASA CR- 172572 

4. Title and Subtitle 


Government Accession No. 


3. 


Recipient's Catalog No. 


5. Report Date 


7. 


Post-Flight BET Products for the 2nd Discovery 
Entry, STS- 19 (SI- A) 


April 1985 

6. Performing Organization Code 


Author(s) 


8. Performing Organization Report No. 


G. M. Kelly, J. G. McConnell, M. L. Heck, P. A. AMA 85-5 

Troutman, L. A. Waters, and J.T. Findlay io. Work unit No. 

9. Performing Organization Name and Address 


Analytical Mechanics Associates, Inc. 
17 Research Road 
Hampton, VA. 23666 


12 Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, DC 20546 


15. Supplementary Notes 


11. Contract or Grant No. 

NASl-17707 

13. Type of Report and Period Covered 

Contractor Report 

14. Sponsoring Agency Code 

506-51-13-06 


Langley Technical Monitor: Harold R. Compton 


16 Abstract 


The post-flight products for the second Discovery flight, STS-19 (51-A), 
have been completed and are summarized herein. The inertial Best Estimate 
Trajectory, BT19D19/UN=169750N, was developed as discussed in Section I using 
spacecraft dynamic measurements from IMU2 in conjunction with the best tracking 
coverage available to date for any of the earlier Shuttle entries. As a con- 
sequence of the latter, an anchor epoch was selected which conforms to an 
initial altitude of greater than a million feet. The Extended BET, ST19BET/ 
UN=274885C, incorporated the previously mentioned inertial reconstructed state 
information and the LaRC generated LAIRS atmosphere, ST19MET/UN=712662N, with 
some minor exceptions as discussed in Section II. Primary and back-up AEROBET 
reels are NK0165 and NK0201, respectively. This product was only developed 
over the lowermost 360 kft altitude range due to atmosphere problems but this 
relates to altitudes well above meaningful signal in the IMUs. Section III 
presents summary results generated from the AEROBET for this flight with 
meaningful configuration and statistical comparisons from the previous thirteen 
flights. MMLE files were generated based on IMU2 and RGA/AA, respectively. 
Appendices attached define spacecraft and physical constants utilized (Appendix 
A), show plots of the final tracking data residuals from the post-flight fit 
(Appendix B) , list relevant parameters from the BET at a two (2) second spacing 
(Appendix C) , and retain for archival purposes all relevant input and output 
tapes and files generated (Appendix D) . 
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